No large-scale posttraumatic stress disorder drug trials have been conducted to evaluate treatment effects beyond 12 weeks outside of those with selective serotonin reuptake inhibitors.
P
OSTTRAUMATIC STRESS DISORder (PTSD) is a condition characterized by intrusions of traumatic memories, symptoms of avoidance and numbing, and hyperarousal. 1 The high prevalence, 2 substantial psychiatric comorbidity, 2 chronic course, 2 and disabling effects 3 of the illness are well documented. Selective serotonin reuptake inhibitors (SSRIs) have been shown to ameliorate symptoms of PTSD. 4 However, SSRIs do not show a pattern of results in treatment studies of PTSD that is entirely consistent across patient types (combat veterans vs noncombat veterans), symptom clusters (avoidance/numbing, reexperiencing, or hyperarousal), or sex, even with drugs that have been approved for this indication. 4, 5 Some PTSD components are thought to be related to stress-induced increases in noradrenergic activity in patients with PTSD 5 ; however, while the importance of the brain's noradrenergic pathways is recognized in the pathophysiology of PTSD, their exact role in the disorder is not clear. 6, 7 Venlafaxine extended release (ER), a serotonin norepinephrine reuptake inhibitor, has demonstrated efficacy in producing remission in patients with depression, 8 generalized anxiety disorder, 9 social anxiety disorder, 10 and panic disorder. 11 The purpose of this study was to assess the efficacy and safety of flexible-dose venlafaxine ER in the treatment of patients with moderate to severe PTSD. Few large-scale, multicenter, randomized, placebo-controlled trials of non-SSRI agents for the treatment of PTSD have been conducted. We are aware of only 2 published studies, both short-term trials of the monoamine oxidase inhibitor brofaromine, 12, 13 an agent unavailable for clinical use and that is no longer in development, which failed to show statistically significant differences from placebo, and 1 shortterm trial of venlafaxine ER. 14 Although many patients show improvement following 12 weeks of pharmacotherapy, evidence suggests that further improvement occurs with longer-term treatment. 15 Nonresponders to treatment with an SSRI at 12 weeks may become responders following 4 to 6 months of pharmacotherapy. 15 Because of the high risk of relapse in patients with chronic PTSD, however, continuation of medication for at least 1 year is considered standard practice in the treatment of PTSD. 16 The trial we report here is the first we know of to extend the acute-phase, doubleblind treatment period to 6 months, thus addressing a clinically relevant issue. In addition, it is the first study we are aware of to examine the effect of a single agent on resilience and stress vulnerability. Of note, the maximum daily dose of venlafaxine ER used in this study was higher than the maximum dose of 225 mg recommended in the labeling for its Food and Drug Administration-approved indications (major depression disorder, generalized anxiety disorder, social anxiety disorder, and panic disorder).
METHODS

PATIENT SAMPLE
Patients were enrolled in the study if they were at least 18 years of age, could provide legal consent, and were not currently hospitalized; met the DSM-IV 1 criteria for a primary diagnosis of PTSD; had a score of at least 60 on the Clinician-Administered PTSD Scale, abbreviated 1-Week Symptom Status Version (CAPS-SX 17 ) 17 ; and had PTSD symptoms for at least the previous 6 months. In addition, they must have had a negative serum pregnancy test at screening (for women of childbearing potential); been in generally good health as determined by the investigator on the basis of medical history, physical examination, and screening laboratory results; been willing and able to return for all protocol-defined visits; been fluent in written and spoken forms of English, Spanish, or Portuguese; and been willing and able to provide written informed consent prior to admission.
Subjects were excluded if they had intolerance, hypersensitivity, or nonresponse to a previous adequate trial of venlafaxine; had inability to tolerate or respond to adequate trials of 3 antidepressants; had current primary major depression or panic disorder; had a current mental disorder due to a general medical condition or history of bipolar disorder, schizophrenia, or other psychotic disorder; abused or were dependent on alcohol or other drugs within 6 months of randomization or had a positive urine drug screen; showed a high risk of suicide or violence; used any investigational drug, antipsychotic, or monoamine oxidase inhibitor within 30 days of randomization; had electroconvulsive therapy within 3 months of randomization or likelihood of requiring electroconvulsive therapy during the study; used triptans or any other psychoactive drug, including fluoxetine, or herbal preparation within 7 days of randomization; had current involvement in criminal proceedings or compensation claims related to trauma; and, for women, were nursing, pregnant, or sexually active without acceptable birth control. Subjects who had initiated or changed psychotherapy of any kind within 3 months of study enrollment were also excluded.
The research was conducted at 56 outpatient psychiatric clinic sites in Argentina, Chile, Colombia, Denmark, Finland, Mexico, Norway, Portugal, South Africa, Spain, Sweden, and the United Kingdom in accordance with the Declaration of Helsinki and its amendments. Where necessary, the informed consent form and patient self-rating documents were translated to either Spanish or Portuguese by a US agency and certified as accurate. Local affiliate medical directors confirmed the accuracy of each translation prior to use. For each site, CAPS-SX 17 training and testing to ensure correct scoring using 1 or more videotaped patient interviews were provided to the principal investigator and to an additional rater. No measure of interrater reliability was used during the study. All investigators were required to be fluent in English. The informed consent form, protocol, and amendments received independent ethics committee/institutional review board approval before the study began. Written informed consent was obtained from all patients before study enrollment.
STUDY DESIGN
Patients were enrolled in the study by the site investigators. Following a washout period of at least 7 days, patients who met entry criteria were randomly assigned to 24 weeks of doubleblind, parallel treatment with venlafaxine ER or placebo followed by a taper period of up to 2 weeks and poststudy evaluation (4-10 days after taper). The sponsor sent each site a table of computer-generated numbers randomized in blocks of 4, and patients were assigned packages linked to the randomization numbers in numerical order by the site investigator using the randomization tables. Investigators followed the protocolspecified medication dosing guidelines for venlafaxine ER (75-300 mg/d with a lead-in dose at baseline of 37.5 mg/d) and increased the dose to the next higher level based on tolerability for patients who did not achieve remission, which was operationally defined as a score of 20 or lower on the CAPS-SX 17 , a cutoff that has been used elsewhere. 18, 19 Venlafaxine ER dosing was increased to a maximum dose of 75 mg/d at day 5, 150 mg/d at day 14, 225 mg/d at day 28, and 300 mg/d at day 42. Study visits took place at baseline and at the end of study treatment weeks 1, 2, 4, 6, 8, 12, 18, and 24 and follow-up or at the time of discontinuation if before week 24.
EFFICACY ASSESSMENTS
The primary efficacy outcome in this study was the baseline to end point (week 24 or the time of discontinuation) lastobservation-carried-forward (LOCF) change in the CAPS-SX 17 , which was measured at baseline and weeks 2, 4, 6, 8, 12, 18, and 24 . This 17-item subset of the CAPS-SX 17 assesses the 17 PTSD symptoms listed in the DSM-IV, divided into the reexperiencing, avoidance/numbing, and hyperarousal subscales. Secondary efficacy outcomes included changes from baseline to end point in CAPS-SX 17 
SAFETY ASSESSMENTS
Adverse events and use of concomitant treatments were recorded at all visits. Safety measurements included weight at baseline and week 12 and resting pulse rate and 2 sitting blood pressure readings at all visits. Other evaluations included physical examination at baseline and week 24; blood chemistry determinations, hematology tests, urinalysis, and urine toxicology tests at screening and week 24; and recording of last menstrual period for women of childbearing age.
STATISTICAL METHODS
Analyses of efficacy variables were performed on the intentto-treat population (ie, on all randomized patients who had received at least 1 dose of study medication and had at least 1 postbaseline evaluation). The primary efficacy variable was the change from baseline to week 24 in the CAPS-SX 17 score. For patients who discontinued participation before study completion, the last postdose observed value was used for end point analysis (LOCF). In addition to the LOCF value, the observed changes at each visit were computed. The statistical model for hypothesis testing was an analysis of covariance on the change from baseline with treatment group as the main effect and the baseline score and baseline scoreϫtreatment interaction as the covariates. All inferential analyses of treatment effects were 2-sided and were performed at the ␣=.05 level of significance. An ␣ level of .10 was used to evaluate interactions. The continuous secondary efficacy end points were analyzed by the same method as the primary end point. No adjustment was made for multiple analyses.
Post hoc effect-size analyses using Cohen d were performed on the values of the outcome measures at end point to compare the difference in effect size between venlafaxine ER and placebo. A post hoc analysis comparing the response rate (defined as the proportion of patients who showed a Ն30% decrease in CAPS-SX 17 score) between the active treatment and placebo groups was also performed. Categorical variables, such as the frequency of remission, were analyzed by using 2 tests. A post hoc analysis of the number needed to treat, a measure of how many patients must be treated with a specific intervention relative to another intervention to achieve a desired outcome in 1 additional patient, 26 was used to compare active treatment with placebo for the rate of remission. Time to remission was analyzed using Kaplan-Meier methodology. Version 8.2 of the SAS system (SAS Inc, Cary, NC) was used for all statistical analyses. 
DEMOGRAPHIC AND CLINICAL CHARACTERISTICS
As shown in Figure 1 , 442 patients were screened, 329 were randomized, and 224 (68%) completed the study. There were no clinically important differences in the proportion of patients in each group who completed the study. There were no unexpected differences between the venlafaxine ER and placebo groups in the reasons given for early withdrawal (Figure 1 ) or clinically important differences in baseline demographic or clinical characteristics ( Table 1) . Withdrawal rates were 30.4% for venlafaxine ER and 33.3% for placebo with no significant difference in dropouts attributable to adverse events. The venlafaxine ER group had 15 discontinuations attributed to adverse events compared with 9 discontinuations for the placebo group; 5 patients in the venlafaxine ER group withdrew because of unsatisfactory response compared with 18 patients in the placebo group. The types of trauma experienced by all randomized patients are outlined in Table 2 .
EFFICACY ANALYSIS
Results for the main primary and secondary PTSD outcome measures at the final study end point are listed in Table 3 . Venlafaxine ER-treated patients showed significantly greater improvement than placebo-treated patients on the change in CAPS-SX 17 total score (P=.006).
The differences between active treatment and placebo in changes from baseline to end point were significant for reexperiencing cluster B (P = .008) and avoidance/ numbing cluster C (P =.006), but not for hyperarousal cluster D (P=.06). As indicated in Table 4 , the venlafaxine ER group showed significantly greater improvement than the placebo group in Clinical Global Impression-Severity of Illness scale scores (P =.004), Hamilton Rating Scale for Depression total scores (P =.007), and Global Assessment of Functioning mean scores (P=.03). Abbreviations: CAPS-SX 17 , 17-item Clinician-Administered PTSD Scale; ER, extended release; LOCF, last observation carried forward; PTSD, posttraumatic stress disorder.
*P values are based on the pairwise comparisons from the analysis of covariance model with treatment as the main effect and baseline as the covariate if there was no baseline by treatment interaction at the ␣ = .10 level; otherwise, the analysis of variance model with treatment as main effect is used (cluster D only). †The Q-LES-Q-SF total score is the sum of scores from the 16 items composing the scale (only 3 items of which are reported here). ‡The SDS total score is the sum of scores from the 3 items composing the scale.
Ratings of resilience and stress vulnerability by patients exhibited a similar pattern of results. Venlafaxine ER-treated patients showed greater improvement than placebo-treated patients on the final visit Connor-Davidson Resilience Scale (P=.002) and Sheehan Vulnerability to the Effects of Stress Scale (P=.01) total scores (Table 4) . At the final visit, the venlafaxine ER group showed significantly greater improvement than the placebo group on Quality of Life Enjoyment and Life Satisfaction Short Form total (P = .007), overall life satisfaction (P = .04), and general activities (P=.007) scores, but not on medication satisfaction (P = .08). The venlafaxine ER group showed significantly greater improvement than placebo on the Sheehan Disability Scale total (P=.03) and family life/home responsibilities (P=.01) items, but not on the work/school (P=.05) or social life (P=.08) items. None of the utilization and cost items showed a significant difference between the venlafaxine ER and placebo groups. Differences between the venlafaxine ER and placebo groups on the work questionnaire for the days lost during the last month (P=.07) and days underproductive during the last month items, both evaluated using analysis of variance, were not significant. The number needed to treat for remission was 8 at the study end point, and effect sizes for the outcome measures appear in Table 4 . Figure 2 demonstrates that on the primary outcome measure, venlafaxine ER showed significantly greater improvement than placebo from week 4 onward (LOCF). Mean±SD week 12 LOCF change scores from baseline were −47.5±25.86 and −37.6±27.55 for the venlafaxine ER and placebo groups, respectively (P<.001), and −51.7±27.16 and −43.9±28.93, respectively, at week 24 (P=.006). For completers, the mean±SD week 24 change scores from baseline for the venlafaxine ER and placebo groups were −59.2±23.76 and −54.0±23.63, respectively, at week 24, a difference that was not statistically significant (P=.06). Figure 3 shows remission rates for each group. The percentage of patients who achieved remission was higher in the venlafaxine ER group than in the placebo group at weeks 6, 12, and 24 (LOCF) and at end point for completers. Week 12 LOCF remission rates were 42.9% (69/ 161) and 28.0% (47/168) for the venlafaxine ER and placebo groups, respectively (P=.005), and 50.9% (82/161) and 37.5% (63/168), respectively, at week 24 (P=.01). Among completers, remission rates for the venlafaxine ER and placebo groups were 40.4% (65/165) and 27.4% (46/ 168), respectively, at week 12 and 44.7% (72/161) and 33.3% (56/168), respectively, at week 24 (P=.04).
SAFETY AND TOLERABILITY
The mean average daily dose of venlafaxine ER was 181.7 mg/d, and the mean maximum dose was 221.5 mg. At the final visit, 4.3% (7/161) of patients were receiving 37. The most common treatment-emergent adverse events reported by at least 5% of patients in the venlafaxine ER group appear in Table 5 . A total of 15 patients receiving venlafaxine ER experienced adverse events leading to discontinuation compared with 9 patients in the placebo group. The most frequently reported adverse events leading to discontinuation in the venlafaxine ER group were mild to severe nausea experienced by 6 patients followed by moderate dizziness experienced by 5 patients. No clinically relevant differences between groups on changes from baseline to end point in cholesterol levels or vital signs were noted during treatment ( Table 6) ; only the change in cholesterol levels showed a statistically significant difference between active treatment and placebo groups (P=.04). Weight change of 7% or greater was the most common treatment-emergent clinically significant abnormality, occurring in 20 patients (12%) in the venlafaxine ER group and 12 patients (7%) in the placebo group. For all other vital signs measures, the frequency of clinically significant values was less than 5%. 
COMMENT
In this study, the efficacy of venlafaxine ER was observed on all main reported measures with the exception of the CAPS-SX 17 hyperarousal symptom cluster, which fell just short of statistical significance. Our findings are, therefore, consistent with a number of other randomized trials of pharmacotherapy for PTSD; of the 5 previously published short-term placebo-controlled trials of SSRIs (sertraline, 27, 28 paroxetine, 18,29 and fluoxetine 30 ) only 2 18, 29 showed significant superiority of active treatment over placebo on all 3 clusters. The failure to find completely consistent results across all CAPS-SX 17 symptom clusters in this study and in previous studies may also represent an inability of SSRIs or serotonin norepinephrine reuptake inhibitors to adequately control the full range of PTSD symptoms, or it may reflect a deficiency of the rating scale itself. It is also possible that drugs with noradrenergic-enhancing effects may promote arousal, as suggested by animal data. 31, 32 Treatment with venlafaxine ER was also associated with greater improvement than treatment with placebo in overall quality of life and disability. Drug effects on some social and work-related measures fell just short of statistical significance but were consistent with the overall pattern of findings. The lack of benefit for satisfaction with medication may be attributable to drug-related adverse events.
Resilience and stress vulnerability have both been largely overlooked in the treatment of depression and anxiety yet play an important role in PTSD, which is characterized by conspicuously low resiliency scores. 22 A possible link between the extent of norepinephrine transporter but not serotonin transporter, inhibition, and improvement in Connor-Davidson Resilience Scale score in patients with depression treated with venlafaxine ER 33 has been suggested, providing 1 possible neurobiological explanation for our finding. Of interest, enhancement of resiliency did not emerge until after 4 weeks of treatment by which time a statistically significant effect had already been observed for PTSD symptoms. The effect sizes for drug-placebo differences in the outcome measures at end point were generally low to modest, in line with earlier reports for sertraline 34 and paroxetine, 18,29 but it is of interest that the measure showing the greatest effect size was improvement in resiliency, even though it occurred later than symptom improvement.
The 6-month duration of this trial is unique for placebocontrolled evaluation of drug efficacy in the treatment of PTSD, and it reveals that the superiority of active treatment at week 12 persists at the week 24 study end point, although without further widening the separation between groups. Remission rates at week 12 for both drug and placebo were about 10% to 15% higher than what has been previously reported using identical criteria for sertraline and paroxetine in the treatment of PTSD. 14, 19 This suggests that subjects in the present study may have been more treatment responsive for reasons that remain unclear but may reflect sampling characteristics.
In a 12-week, multicenter trial of 2 fixed doses of paroxetine (20 mg/d and 40 mg/d) in the treatment of PTSD, 29 response rates on the CAPS were 54% to 62% for patients taking paroxetine compared with 37% for patients taking placebo. A flexible-dose study by Tucker and coworkers 18 found response rates of 60% and 40% for paroxetine (20-50 mg) and placebo groups, respectively. Flexibledose studies of sertraline (50-200 mg) by Brady et al 27 and Davidson et al 28 found drug response rates on the CAPS of 53% and 60%, respectively, for active treatment compared with 32% and 38%, respectively, for placebo. In the present study, the response rate at 12 weeks (defined as the percentage of patients who showed a Ն30% decrease in CAPS-SX 17 score) was 78% in the venlafaxine ER group compared with 63.8% in the placebo group, a difference that was statistically significant (PϽ.01). The extent to which sampling factors account for the difference in the results of this study compared with the results of SSRI studies is hard to determine. There were somewhat more survivors of accidental injury and combat trauma in this study but fewer survivors of violent assault as well as differences in how trauma categories were defined between studies. It should also be noted that more recent published trials of antidepressants in depressed patients reveal higher response rates in patients treated with placebo or active treatment than do earlier trials, and a similar pattern may hold for efficacy studies in patients with PTSD. 35 The number needed to treat for remission at the 6-month end point in our study was 8, indicating that for every 8 patients treated with venlafaxine ER, 1 additional patient would achieve remission relative to treatment with placebo, which could be considered a moderate effect of treatment. Remission rates were 50.9% for the venlafaxine ER group and 37.5% for the placebo group (LOCF). By comparison, in a study of patients treated for generalized anxiety disorder, Allgulander and colleagues (2002) 36 found that the 6-month remission rate among patients receiving venlafaxine ER was 43% compared with 19% among patients receiving placebo. In a study of patients with social anxiety disorder, remission rates at 6 months were 31% for patients who received venlafaxine ER compared with 16% for those who received placebo. 37 Our results, therefore, suggest that the remission rate in patients with PTSD following 6 months of treatment with venlafaxine ER or placebo is higher than the remission rate for patients with generalized anxiety disorder or social anxiety disorder.
Early withdrawal rates were similar for drug and placebo, although for somewhat different reasons. The maximum dose of venlafaxine ER in our study was higher than that used in other studies of this agent and exceeded the dose recommended in the product label. In designing the study, however, experts advised that allowing dosing as high as 300 mg would maximize the chance of achieving efficacy and would be consistent with standard clinical practice at that time.
Limitations of this study include the lack of statistical significance for the completer analysis of the CAPS-SX 17 and the lack of a PTSD self-rating, which may be associated with greater effect-size differences between drug and placebo. 34 Strengths include the 6-month duration, the higher dose of drug, the inclusion of stress-coping and resiliency measures, and the fact that this study forms part of the first major clinical trial program of a dual reuptake inhibitor in PTSD.
In the patient population we studied, made up of men and women presenting with diverse primary trauma types, we found that venlafaxine ER was effective and well tolerated during 6-month treatment of PTSD and had beneficial effects on PTSD and depression symptoms, resilience and stress vulnerability, functioning, quality of life, global well-being, and remission rate. Changes from baseline in response to treatment were similar between sexes with mean±SD score changes of −50.6±29.11 for men and −52.5±25.64 for women in the group treated with venlafaxine ER and −43.6± 28.38 for men and −44.2±29.57 for women in the group treated with placebo. Further pooled analyses of our data from this trial and the previous trial of venlafaxine ER in the treatment of patients with PTSD are under way to explore potential predictors of response and remission, including sex and type of trauma. From these analyses, as well as from a broader appraisal of serotonin norepinephrine reuptake inhibitors in general, we hope to gain a better understanding of the role played by this class of agents in the treatment of PTSD. 
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